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Background 
An estimated 1.6 billion people globally suffer iron and 
zinc deficiencies, primarily young children and women of 
childbearing age, and severe cases can result in childhood 
stunting, hindered mental development, susceptibility to 
infections and maternal mortality. According to a Peruvian 
government study, one third of children five years or 
younger in Huancavelica region suffer chronic malnutrition, 
and 40 percent are anemic. Malnutrition is also a common 
among women of reproductive age in the region.
Using the significant diversity of iron and zinc 
concentrations in native potato, the International Potato 
Center (CIP) began the biofortification process in 2004 as 
a strategy to reduce malnutrition in areas of high potato 
consumption. Based on a conservative estimate of 15% of 
iron bioavailability in potato, it was believed that breeding 
biofortified varieties could make a substantial contribution 
to malnutrition reduction among at risk populations. For 
families consuming up to 400 g of these tubers a day, 
common in most affected areas of the Peruvian highlands, 
this would provide up to 50% of the recommended daily 
allowance of iron and zinc.
Biofortification
Biofortification is a process which the nutritional value 
of crops, density of minerals and vitamins are enhanced 
through a process of improved conventional breeding or 
biotechnology. For a biofortified potato to be a success, 
it should also be highly productive, resistant to major 
diseases, acceptable to farmers and consumers and 
effective in improving nutritional outcomes—i.e. the 
increased iron and zinc should be absorbed by the body.
Approach
Supported by funding from Harvest Plus and the 
European Union, the process began with lab analyses of 
approximately 200 native landraces from several Andean 
nations, which resulted in the identification 16 native 
potato varieties with high levels of iron, zinc and vitamin 
C. CIP breeders then spent more than a decade crossing 
those nutritious potatoes and selecting offspring with even 
higher levels of iron and zinc.
CIP has sought to increase iron and zinc levels in potatoes 
through a three-cycle recurrent selection process in which 
the best parent potatoes in each cycle were selected for 
crossing. The high iron and zinc levels are first bred into 
native potato; the resulting varieties are then bred with 
highly disease and virus resistant varieties. The new hybrids 
potatoes produced at the end of the first stage, known as 
diploids, contain enhanced zinc and iron; however, yields 
were low, substantially hindered by poor resistance to 
common diseases and viruses.
In 2012, CIP began stage II of its breeding strategy 
to produce hybrids—known as tetraploid clones—
which were both high in zinc and iron as well as highly 
productive, resistant to importance diseases and virus, such 
as late blight and potato virus Y. In 2013, approximately 
12,000 genotypes of advanced tetraploid disease-resistant 
progenitors with high micronutrient (Fe, Zn, vitamin C) 
concentrations were generated in 2013. Evaluations of the 
levels of micronutrient concentration, disease and virus 
resistance were undertaken over the next three years. 
Studies found little loss of iron and zinc in the cooking 
process. However, the loss of vitamin C, which increases 
the absorption of minerals, depends on the genotype 
and cooking. Some tested varieties retain over 70% of 
their vitamin C content when boiled. CIP is currently 
undertaking research to confirm that increases in iron and 
zinc in biofortified varieties remain high after cooking and 
are absorbed as expected into the body.
December 2018
In 2017, 116 biofortified potato varieties—high yield 
and late blight disease and virus resistant—were made 
available for international distribution. In 2018, 50 clones 
were sent to Bhutan, Ethiopia, Nepal and Rwanda for field 
testing under local conditions, due to begin in 2019/20. 
In Peru, with the support of the CGIAR Coordinating 
Secretariat for Science Technology, 30 of these clones 
were planted in six provinces in 2018/2019. The 
resulting potatoes have 40-80% more iron and zinc than 
conventional varieties, potentially making a significant 
contribution to reducing malnutrition.
Outcomes
1. CIP partnered with NGOs Grupo Yanapai and Asociación 
Pataz to coordinate the participatory varietal selection 
of the biofortified native potatoes by farmers in 
Huancavelica and La Libertad. Of the 17 clones provided 
to the NGOs, four have been selected and are being made 
ready for launch as biofortified. The only problem with 
these native potatoes currently being grown by farmers 
is that they have lower yields and are less resilient than 
other improved varieties.
2. CIP currently has more than 50 highly productive disease 
and virus resistant biofortified advanced hybrids at its 
genebank. These clones have been distributed nationally 
and internationally. Thirty of these clones are currently 
in the process of varietal selection for release in the 
Peruvian Andean highlands. Breeders have thus spent 
the past six years crossing them with parents in CIP’s 
advanced breeding populations, resulting in a new 
population of high yielding biofortified potatoes, as 
well as resistance to late blight and other virus diseases. 
In partnership the National Institute for Agricultural 
Innovation, field trials and participatory varietal selection 
of the second set of biofortified potatoes began in Peru 
in in November 2018. The national release of this new 
variety is expected in two or three years.
3. In 2018, CIP sent 57 hybrid biofortified, disease and 
virus resistant clones to Kenya for multiplication in 
Ethiopia and Rwanda and 50 to Nepal and Bhutan. Multi-
locational trials and participatory varietal selections will 
take place there in the coming years. Since 2013, CIP has 
been building the capacity of partners in Africa and Asia 
to undertake lab analyses of potato micronutrient levels 
in preparation for the scaling biofortified potatoes.
Key areas of work
•  Support in helping partners in the establishment 
and standardization sample preparation for iron 
and zinc to avoid soil and dust particle contami-
nation. In 2019, funded by the CGIAR Coordinat-
ing Secretariat for Science Technology, CIP will 
build the capacity of INIA-Peru to take samples in 
field conditions and sample preparations for lab 
analyses for potato micronutrient contents.
• Further research on the determination of levels of 
bioavailability of iron in potato.
• Research on the concentration and effect of 
polyphenolics, vitamin C and phytates—which 
can be iron absorption enhancers and inhibitors—
in promising biofortified clones.
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• Pataz and Yanapay
• Bhutan Potato Development Program
• Local Initiatives for Biodiversity, 
Research and Development, Nepal.
• Nepal National Potato Research Program
• Instituto Nacional de Innovación Agraria 
(INIA), Peru
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• Pataz and Yanapay
• Universidad Nacional Hermilio Valdizán
• Universidad Nacional de Cajamarca
• Universidad Privada Antenor Orrego
• Universidad Nacional de San Antonio 
Abad del Cusco.
• University of Hohenheim, Germany
• YARA-Perú








affected zones of 
Peru of 30 advanced 
biofortified hybrid 
clones ongoing.
Selection of the 
five best clones 
which can be 
evaluated with 
a view to the 
formal launch of 
at least one.
CIP thanks all donors and organizations which globally support its work through their contributions to the CGIAR Trust Fund. https://www.cgiar.org/funders/
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